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^ (57) Abstract: A PKA activity regulator which contains, as the active ingredient, menatetrenone or its salt. This PKA activity 
regulator is useful in producing a preventive or a remedy for cancerous diseases, a cancer cell proliferation inhibitor, a cancer cell 

O infiltration inhibitor and AP-2, CREB and USIM activators. Moreover, it is intended to provide a method of regulating PKA activity 
characterized by comprising administering an effective dose of menatetreilone or its salt to a subject. 
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FR,GB,GR,HU,IE,IT I LU,MC,NL,PT,RO,SE,SI,SK 7 &PCrtSHv hOg^KtiK £;|xT Tzj— Ki:BSI§ 

TR), OAPI ttft (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, CDtf >T — h J £ #RB 0 

GW, ML, MR, NE, SN, TD, TG). 



(57) Sft:**Wz«SPKA5SttBHsairi. ^ tf H I// >*fcfif Ltttt,(D^fe^« * 

AP-2,CREB,5.r/USF-l(D, : §tt^bSI*Sat'r^^^ : &ffll?fe^o S&IC* 2MSWte, ^ ^ h >£t~l£ *-0>i££ 
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dependent protein kinase , W-K r P K A J t V^ 5 „ )?Sttliti5 

10 Bf'm^^ (HC C : hepatocellular carcinoma) Bffi N i^KlPIM 
^iPi (PVI : Portal Venous Invasion) £ # ti~t - £ #S£n £> fox j3 

# 3 Des- y -Carboxy Prothrombin (i^T, rDGPj i#t5. ) <D 

15 tiff, j^f^SU #H8) o ^it\ DCPtli, JE3f«@Stt&r 
^fc4^/n bnyfy.t', tf^Si^K (^T. TVKJ <t#-T^ 0 ) 

-K% DC P iff H C C If t V K ^. g# f 5 itfOD C P 
20 m^i&T-r^Z t (tzt ;fm¥fXM2mM) > in vitro fD C P 
I40H C C cell line L VK- I I ~ t -CgBJ^ig 

« # #) $ij £ *l 5 r t ( t ^ ht % - Wmwxm 3 0m) tmnrZtLX^Zo 
ftfffiizm-r % mM&teWft t Lxn.^m^ retinoid ia^jTis^ 

#]Ih(fc t £t£s ^#rF5:ife4#RBj. ACE inhibitor (fc £ £ fi\ ^#fF 
25 5 #,«0^ COX2 inhibitor (fc t , ^fFzSCiSsfc 6 JC J; -5 flf 
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[^4#ff ifcitfc 1 ] Koike Y. Cancer 2001 ;91:561-9 

[^4#^F^Ci^2] Cancer 1992 ; 69 : 31-8 

[$¥¥f¥fXtiik3] Wang Z, Hepatology 1995;22: 876-82 

10 [#4#fF;£i$y4 ] Muto Y, N Engl J Med 1996;334:1561-7 

[#¥f¥?Xffl. 5 ] Yoshiji H, Clin Cancer Res 2001;7:1073-8 

W#fF:£:itfc 6 ] Kern MA, Hepatology 2002;36:885-94 

[#4#^FS:jS^ 7 ] Miyazawa K> Leukemia 2001;15:1111-7 

tW!&WfX$k8~] Kar S, J Cell Physiol 2000;185:386-93 

15 [^#fFl£itfc9] Li N, J Cell Physiol 1998 ; 175: 359-69 

r tf^ 5 2 5JSP KA^Stt-fb^5r i N ' k'^yK2^PKA 
Sr^tt-fbi-S ~ <t fc J" <9 . te^H^ CRE/CREB, USF-1, AP-2 

^£2x5^ t s if* ^ 2 ^PKASMtS £ J; 9 MM© 
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io &mmmmmMh, 

[6] ft^fe^BSx^feSH^VvkftS, JbfB [2] Ef©PKAS 

15 [ 7] hu/ yt.tci^(D^m^m^t't^PKA^\§E^m^ 

-^tf , AP-2, CREB, USF-1 <^Ste<fb£U £ . 
[8] t-Tv- hU/Z/^tcte^mZ^f&ftb LT#tp N PKAgtt. 
^ * t: £ 3(5 -T £ H ^ [15 X 7& ^ #J £ , 

Cii] ytrbuyyjfciltot^M^it^PKAffiliMj 

25 
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0 4lt 2*JPK:J:6jtte : P»^aE'fb*^U*: (a) ^7 

7,.' (b) fl?tJf^-f- b^JfCfcSo 

0 5 tr ^ 5 2 asanici ^"AU^m^m.mt^^ ufcR t - p 

10 CRl:J:5|f*fff-h^f*5. 

15 (b) ^77T*5 ( 

H i 0 tt N tf * 5 >-K 2 sssAuk: J; -5 W-TAs&m&lBk (AP-2) ©i&tt-ffc 
20 HH 1 (4. tf * * 2 «fc 5 i/^t^eig!S (CREB) ©ffifft 

T*fc5„ ... 

11 3S, P K Ainhibitor «fc 5 $ 2 (OMJ&igMfliffliFH 
25 ©PIt^^f^77T'fc5o 

SI 1 4B\ t?$ yK2tttU Rho 
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m w z m m 1- z it * <o * & <o m m 

~i4t*feo, it) 0$ u< tt^t^;y4~8T-fc^ £ e>te#* u 

P K A (cAMP dependent protein kinase A) f4 v Epidermal Growth 
Factor(EGF)& i?<DU* ©JfoHRfc X o " TilW J& ft » £fc # i* £ o fc cAMP 
20 P'KA'C regulatory subunit l^^tSrifPKAO catalytic 
subunit LttCi^TfilttSrW-t- #^-<t LT£n t> ftX V> 5 (Walsh 
DA, FASEB J 1994 ;8: 1227-36) „ m&fc£tl*iPKAti:T9L<d$'?T 

bPKA^ist, jgtt as $ tbfc p k a »4»uia©*s*[k'fle"ii w M 

i V^ 5 &5 (van Oirschot BA, J Biol Chem 2001;276:33854-60 
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# % PKAHTOb$^5i cAMP Responseve ElementXCRE)!?:*^ 
i-Ste^H^t*-*^ CRE Binding Protein(.CREB) £ P ^16^5 - 

5 0 P KA&fflffl LTVN-5fe^Eg^^fi USF-l(Xiao Q, Am J Physiol 
Heart Circ Physiol 2002 ;283:H213-9\ AP-2(Garcia MA, FEBS Lett 
1999;444:27-31) ifffifc < ©-fc ©tfSfftW £ frT*? «K t<5TS© 

io-C^^-^r/ ^-n (MK-n) ^tPFWrttS. 2-y^/U-l, 
4 —tV Y^rJ ^m<0 3mz.4 y ^U^/vSSr^p-p^'KS: 5 >-K 2 
(VitaminK2) try 5 2 fc:r±<< y u- = /v3EoSfcoiS 




it 1 ?, nil, if * L, < f± 1 ~ 1 4 T?$> , «fc (9 0* L< 1*4 ~ 8 "C'fe 
5= 4#tCn^4-CfeS, 2-^f^-3-rh7^^ = ^-l, 4— 
y h ^r/ ^ (2-methl-3-tetraprenyl-l,4-naphthoquinone ; MK— 4 ) 
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5 IX. x) <a £-/&i®m-e\ ^;^5ygiaS^4istt^tt5 
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^-e#, tt^ttteMk lt> #IM4 9 - 5 5 6 5 0 ^m^m^^ti 

z> k <t ti k m js.-r s - i: a* -c # sYdi. y - # - a> e> 

tA^t5 t -Ct 5 t/^©^|£Sp CtttfS i hX%Z> 0 

So 

^^o^^w^fp^x*# %mft*$ m : aa^k n^g. mmMs 

io t££ik pHsm, K$?£ik #ciHt£ik ^) > ' -^^l^i^J^iiim 

\?fs.^m. r^/m. num. nmmmm, ^<a/&#£fa-a-k-ct> £ 
w D mmikcDMmt k-cti, &£#k tfe^k am^k w^k 

15 #^ir/k£ik i'nym hn-^k ®A#k 4*#k mHM. 

mm, %tmm., m&mm, &m%K &&m. ^y^m, *> 

&v^, mafcK&Jj-irz z.t kv^„ y tf h- w ^<d# 7°ir 

W ^(Dftit L^^li: kTliilSffil 0~100mg/ H ffeD, 
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W.\Cfti- L< fi3 0~6 0mg/Bt*S o 
C tf ^ ^ 2 iSMiUSlfmW.M] 

ft*lft^JJfMJ!S»T*fc3 HepG2 £7BWc3Uc\ MK-4 (fc**5 
VK2) £2Xl(r 5 , 6X10 -5 , 8X10- 5 , 10 X 10" 5 M \z 5 

10 «fc 5 ^EsflPL. m^^)^m^MM(DU^^MT T assay (MTTTyfe 

mitt. ff^^)is<Dii5ififfl]fijt*j-r.5 tfc? =• >k 2mm<D^}m^^\^ 
15 5 b @ ic/is ^ tf ^ 5; z/yl 2 m&Kfew ^ms&<Dmi)mffl z thfr* 

* fc N II 1 b % t-7?yK2© HepG2 &BJ&i#5fi 5 0 %#] 

filiate. ^3 5XiO- 5 M T-fe5 i:.%x. bix^ 0 

&3§# LTV^©/!p&I1-<;5/c#>, MK- 4 £r 5xio- s M (Dmfe\ztj:Z> 
20 J: 5 5 0 ffl&ig L/c HepG2 tMlt, FACS 

(fluorescence-activated cell sorter ; ^^ttl^^iBJ^^-^^) T^IBJ&ji 
$£lBJ5£Lfc 0 HI 2^^-Y- h?r^-rJ: Mc\ G,1»&G*G 2/M»|© 

iffl^^a^it^, s«s (dna^d vmmftwiftmtttt^m'j? u-c 
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% XK 2 iS»IJ&OStH«Bfc-^^5J^SSr s HepG2 
I- y y/u^-Y ^ — Sr^V^fc invasion assay "Qlktt Lfc„ i-fc;b*> % /J% 

5 *mm^tc 0 "-t^BEfc," ii««tl:MK-4 (fc^?yK2) £ 
OM, 4X10" S M, 8X10- 5 M «fc 5 tCj&AlI **r*BI&^5lt 

10 Lfc 0 

l^* 5 2 jfciUUc «t Zltomvj&fc^m^L^ <D&W& cDNA 

15 microarray (cDNA-v r -f:? a7V>f) ^r^SV^T^ft Lfc„ 

HepG2 ifiCMK- .4 (t'^;yK2) =^ 5X10" 6 M ©IS(u^5 
■ «fc HepG2 SBUS-Sr 4 0 & tcHJJfe L RNA Srtttti U 

t-a^^/Hf:, #;{;i N JffM^ff A«ft^g»AbtU bfc cDNA 

3r#\l 4300 Lfc in-house <£> cDNA microarray V^TaSfK^ 

20 -ISm^o^T-ir^Sr^WUfc (HI 4 .(b).) „ 

1214 (a) f±, «tt"Ullf^-* >-K2*«Saj#|B«a (n^ hn-/V) £ v 
ltttMK-4iMfi?: Scatterplot Lti^H^B^z^^ 

fcs. in 4 (a) ^*^-c N ^$moMg*mv^*t't> v-^/w&££ dog 

scale) SttkU (HJ4 (a) cf> 5 R Mft) &2fe&L±hZ> 

25 VNfiO. S^fitTOJg^-fbSr^Lfcjt^Sr^i-'o HI 4 (a) t^-f 
2{g»±;fc;5VMio. s^eiToate^**^*^ UfeJt 
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* it m i o % m ic » .«> h ti tc 0 m k , m mm* (Fibronectm, 

Desmoplakin, Integrin beta 1, Cell adhesion molecule (CD44), 
Integrin alpha X, Integrin beta 2, Integrin alpha M, FibromodulinX 

Tyfs h-v-xpigjtfe^(GADD34), M AS Jl M M >S at * (Cyclin E, 
5 CycHn G)^^<Ditte^l§m*^^b^^fe^^fc 0 - © J; 

HepG2 £0 J3£ (D — (Fibromodulin, GADD34, Fibronectin, 
Progression Associated Protein, CyclinG, CD44, CyclinE^C-oV^T^ R 
10 T - P C R i 9 «atSEftS:aB Lfc (05). 

$f>(C N P6lc^t,t5lu, MK-4lr»tl. 0@, 2 0g, 30 

4300 ifrg^&fc ^SSiSfliflBia^Jtl^T down regulation (^?V 
>^al/-^/ 3 y) L.TVSitfe^Srilf: (0 6 +.Cj3lt5G«|J^) „ up 
15 regulation (T 7/^=?^ l^— v- 3 UTVSlfe^^i (i6t t 

mk-4 ^jt^m^mt^R^-r ^ t &mh i^^^x-mm 

bfc e HepG2 ^JfeKMK- 4 £ 5X10- 5 M £ 5 U ftg/g 
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5 (t** 5 2 K <fc OSt^^^nS^^^/^a^lSg] 

<59/6>&iW^3 fc£>Kl N 5 4S(AP1 AP2 ARE Brm3 C/EBP CBF CDP 
c-Myb API CREB E2F1 EGR ERE Eta PEA3 FASTI ISRE AP2 GATA 
GRE HNF4 IRFl MEFl MEF2 Myc-Max NF1 CREB NFAT NFEl 
10 NFE2 NFkB Octl p53 Pax5 Pbxl EGR Pitl PPAR PRE RAR RXR 
SIE SBE Smad3/4 Spl SRE Statl Stat3 Stat4 Stat5 Stat6 TFIID TR 
DR4 USF1 VDR HSE MRE)c9te^S^^®tt^co^r«i^-oVNT^f^ L 
fCo • • 

HepG2 4 3r 5X10" S M t & 3 <£ 5 iC^M U *??JO^ 

DNA probe mix t ^ri^L fc^^^@-^^|g-^ Lfc probe ©^^(hUIX 
U /ettb probe tftffi&)f£mW%mmVtiT W t^^-^v 
-frfe¥lll^^^-a~LfcDNAprobe(-r^^^S^-fk$Kfcte^ia^^!E§) 

9 K:^i-«fc 5 fc s t*^ ^ 2 <fc t> v ±fB 5 4 ;fl<DfI&g<£> 9 

AP-2, CREB, USF1 (Dm £ *LT V^ 5 i £ tfS P> ^ t ft o fc c 

§ e>tc H (on^ra) tm%m2, 6, 12/24, 4 

8 B#^^ig^(7Dktttti^ £ N AP-2 consensus probe %zj%\^tctf )VZ/-7 f- 
25 T y±4 Zft-otz. ^tCDl&gk&m 1 0 ^^i~J; 5 »C SJsMKteMK- 
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t.fc, CREB, USF-1 \z.o\^X^m^.\^^^^y VT y-tej &fTofc 
t -6s MK-4 mtomKik^T^M 2,6 l$R3&ifi&:? DNA £® 

CREB (COVm:, pEGFP-CREB(Clontech)£ HepG2 \C h 7 7 ^ 
5 ^ a ^(transfection) U UfcMm^lSI 1 1 El 1 1 K 

mm^it^xm^^mi^t^^ t^b, creb ^fSf^Lfcr t&ftfc 

«±<D^^ i 0 N tT ^ ^ 2 <DMH£«fc >9 , AP-2, CREB, USF-1 

io (D&fc^m^&fe&fc&tiz ^ t&mbfrbf£^fc 0 

C \?# 5 V K 2 K J; 5 P K A CO^g-tt-fb] 

HepG2 MKIMK- 4 £: 5X10~ 5 M 5 L>c^ N r*l 

& Cliffs Lfc o r©»©#«(', P KAOSf^f- K£^U 
-^Srm^^t&^^rfCo ^.(Dl^^m 1 2 t^i~ 0 P KAOlf^/f 
15 Kfi-fc t t> f7°7^ ( + ) tc^mbTjB^, f tfcPKA©S® 

^ (-) ^^fm^*^ n t k: J; 19 . +^^#fti-6o -Tftfrlbs y 
20 y ^I^b^ttftv^-^-f-^^ p KA^^^^tL-cv^^vvm-a-) 

Ull 2^i-J;5^ MK- 4 ZMtolsXfrib 2 B#^Mii LfcB^MUC 
*5Vv-c n + Lfc^ bfrb\ MK- 4 KlJ; «9 P KAtfmVk<fb£tl 

25 CM!BJM5itK:&tt5 P KA^tto^:#J3 

HepG2jlJiatMK- 4^ 5Xl(r s M t ft 5 =t 5 ■ k8S*P L ^ fc P K 
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A(D specific inhibitor (H89) 40juM Sr^P Ufc 7~ ;V— zf s H89 t€. & 

(ny>n— /i^) (co^t, Mnf 4 0 StMTT assay £l£fTL N M 
K- 4^a^J:5^liaoiim^^f4Ufc 0 ^colt^^rlgl l 3 ^*i-„ BJ 
5 l 3 frTft-tJ: 5 t v MK- 4&G*H89 ' «r»*p Lfc^/i— ayfa 

— /niir^r±jHajia*iwrH: b*.^ofct>©© % mk- 4 ^.mmM^A — :/ 
i&mfomwm*, H89 ^tiifc5i>o©^t vt/w w tsr 

■fc< i t>-^f4PKA©S^b£^LTV>5t>©<k#;te>*L5 0 

Rhotekin-RBD «t SBI&$M?fl££ri&i? fc^, Rhotekin-RBD «: pull down 
UT^^bfc RhoI6©i^/ny FtSr t T? % Rho g & ©©tt-fb^ 

Rho m £ temmt ZftZk GTP & L GTP-Rho t fe 5 755 N r <D 

Elte'fb Rho <k fit, Rhotekin i: <^ 5 ® £ © Rho Binding Domain (RBD) 

* s S5 affinity X ffi & ~i~ Z> t # s £fl b tlX V v 5 (Ren XD, EMBO J 

1999;i8:578-85) 0 Rho 4>ftffl<g&K:££ «r L T V> 5 <t # £ 

20 6>ttTV N 5fS;^- : f : -ftGSS _ Cfe5(Clark EA, Nature 2000;406:532-5) o 

HepG2 Mf&^tm^X =3 V h n— MK - 4 & 5X10 _S M *5 «t 

10X10- 5 M -e^s^P !Lfct>©,5xiO- s M«sj!HI<0-.tfc H89 Sr 40/:MAOi 

6 n#rafeiS8Hc-*IBIia&[a|l|X L Rho ©,«tt<b*-*W Uiklt**' 
HI 1 4 ('^-T 0 

25 . HI l 4 K^-fJ: 5 IE, MK- 4Mm\zfeftLX Rho ©fiH4-fbf±«ij6!l$ 
tb> r©^j*« H89 V-fe/U$ixfc 0 Rho ©igtefcS: P KA^gfl 
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i"5i:^5«'&aSft$*uT*5"D (Faucheux N, Biomaterials 
2002,23:2295-30 i;ManganeUo JM, J Biol Chem 2002 ^[al©M^ 
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15 5. h^y ytfcttfotSrt^i^its p KAfiitt-fb^J 

20 

AP-2, CREB,5:t>* USF-l (7>^^-fb^l D 

8. ^ ^ h W ^£fcti^O:!££^)&:££ LT^ti\ PKAgft 
25 O^^^S5(5-r5^S<DT^X«m^^Jc 
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